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DESCRI PTI ON " APPARATUS AND METHOD FOR CHECKI NG
POSI TI ON ANDY OR SHAPE OF MECHANI CAL PI ECES' Techni ca

woe@badoilke present invention relates to an PCT/EP2006/060655

opt oel ectroni c apparatus for checking position and/or

shape of a nechani cal piece,- gooprising a base, a

| ocking and reference systemfor the piece to be

checked detecting devices with an optoel ectronic
sten1for provi ding signals indicative of the

H SERLBAIAN at | east sone parts of the piece to be

checked a rotating systemenabling rotation

ChBBLAREIE A g RNGED, 108, CBLERLRE, BORLRLTHTAEE) B pmnes o

rotation, and a pr ocMECHANIGAL RREQGRS» for receiving

t he signals of the optoel ectronic system and providi ng

information relating to the position and/or the shape

of the piece to be cheZrebnitThé Faeddtion also rel ates

to a nmethod for checking the position and/or shape

errors of a mechani cal piece, . by neans of an apparat us

TRel udTfFelt ocR‘PH@“SﬁB“r ef &S sy§Pem3dr Pﬁéoslle%ronlc

tappbeacheckaicbr detretkiggdepiceas ifodr paedf 6k ng shiageal sof a
catlvg of .the position of at Ieaﬁ garts of , t he. d

1868%8“%83 e SHESKRed, G T A%y devPEES bettheeh®The?d a0

kefkragcan$y&ﬁ@meﬁoe Sytst epiand tire tet edteaipd, detecting

88¥588§ obmggegbﬂgctgﬁsﬁFﬁp o?fp989§ﬁggg signals

rotation nts et ween the

Féﬁie?éﬁé@esy?sft efrh%nﬁo'éhéleet ¢t iaty B@W’ée§0@§omal%i’ﬁ of the

XbeeOftd opat bgeck@ad R 06885t NHGSIsGRAt P&V Ty b¥otation
t he Eetectln devices in.the couri of the rotation

disB QEEW@HF iteorerR? (SbPRIFASIRFOFRBEFONSYRTRR fgd the
boetbe tpodict icdrecardl atbdute &hbpegdfudheapi #gest 6fbeotation,
chgcked. Backar ound Awt(ye i nventjion is. partl uIarLé

and, a, ProCeéss unit a te or._. rece1v1 als of
SUrt ablFe 6P Schdck Ki'ng Nechani ca pi eces W't P

shel | ebienktomsonid ke sysmeonenangar t:@fco)fldﬂargj dusﬁormatlon
PLOLAGRGURL! SnSUSIL i &5 LAG)YHCLABIRGLR (FAUMNE [ bEece to

- for reading/witing
be checked

The invention also relates to a method for checking the

position and/or shape errors of a mechanical piece, by
means of an apparatus including a 1locking and reference
system for the piece to be checked, detecting devices for
providing signals indicative of the position of at 1least
parts of the piece to be checked, and driving devices
between the locking and reference system and the detecting
devices, the method including the steps of causing rotation
displacements between the locking and reference system and
the detecting devices about an axis of rotation, and
processing signals provided by the detecting devices in the
course of the rotation displacements in order to obtain
information relating to the position and/or the shape of

the piece to be checked.
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i nformati on on disks - coupled to extrenely
smal | di mensi oned sliders, for exanple in the order of

WO bmonvi4ki met er or even | ess. Stationary suppOoPCBEP2006/060655

carry, by nmeans of an elastic coupling, the sliders

that make the magnetic head-"§l oat" over the surface

of the associated di sk when the latter is driven into
rotation, for exanple by an electric notor. The

rotation of the disks and the specific shape of the
Shededdvgaridioat e %PIlPFrFHSPlFéEMS St idiaddicacef ¢ he checking
ﬁabbaﬁhscamd pi@cé@gmﬁtﬂm Bgaaémam@yhéxﬁ?mthﬁnﬁeu{shm like
of the associ s oppo t he force, appligd. by
BhebBRalE, S oo ThE Dol Shhc PG toRCy HEThrag jpen Yunits
¢oophdag magmmtznuinﬂadﬂwxﬂtmfthahdems—ttﬁenﬂagaedung/wrltlng

ES%QEmB&BRS' ton 4hgrsel Vez ghgg cBr agld cally, Gpost anty,, g

elg over thelr associ at e I n order 0 acC eve
divonpéencread] Wlere, proeesssxanpris \iary thepoorggr of the

ﬁmﬁnlheee§llgﬁreﬁﬁuﬁrné@ged seatbsnakghtsﬁgﬁdfyyec§9ry, by
proper |ift be generated and thus the proper

ﬁ%?@ﬁt Qﬁ #he el%@é(?l&ve?o?ﬁ%l%gskt@&rf%%%deﬁ/p E‘éltl ynake the

ﬁagmeemcapﬂﬁmklwag@éy"So&@d S?Hﬂlstf@béabﬁ€d$Téna33001ated

i.ndust nd is to many acture ever_snall e

aRgKS Wbt i [ERCReP 18 BRRVLACUHLS o afol *amp1e

byakndlab@ston@dm@ewmceéﬂui|ketphmbo cHhEtheaMdsks and the

ghgbgﬁhcvbﬂﬁ ?EEEI FﬁgéEHsgé e 9§€qHﬁQEetends to
e sli a4t ose 0

|nen3|o ers t he ot
ééﬁﬁéﬁ@ﬁttﬁﬁw%%lQQQﬁ %ﬂ%ttbﬁvm@8§ﬁﬁl@mhﬁﬁﬂﬁ1%Wﬁv from the

isHtEEQMélst h@fgi ghgqu%lsiswlaeddr ebh?hiélpi tlg gqaﬁﬁ eSthal €force
ex e y re ur Qpean en

SPE L B8 b Wi osleatg EoBBLEPGr uoTho; Hilgncing of the
dlaensconoapdﬁﬁg Shape amdorofthdoki hgftofankehantial magnetic

S&ES 1¥‘6 E}os%ﬂ‘go% %E%%E?%f" 5, S ?”piepsr%%% éaﬁl‘ﬁﬂtgo%‘stant

Faral i "6Eks for
headhw |OtV@rhe@d%lJof aaShaidtddsldlS'khe hrppairelteus to achieve a

bBH:lé%S're%@%ﬁteh%{r&cr@s@is'1@ S¥stem Q{m}l&cé%irﬂg g the

referring t pi ece to be checked and detecting
aé@ﬁ@ésb?néFEaPﬁ@dahathéIééEPBnﬁEt§§§ﬂ@nﬁofBheeﬁéﬁﬁﬁé lift
igee ckRewy shaglovhGasttheg gndisr Theighecert e head over

gggcgcg]s ndthecont oel seLI PN © SSkel CaB S MRLLED: 5 ana
50nm, be obtained.

In industry the trend is to manufacture ever smaller hard
disks, the latter being utilized even in extremely small-
dimensioned devices, 1like photo camera and digital wvideo
camera apparatuses. As a consequence the dimensions of the
sliders and those of the other component parts, that must
obviously maintain and improve +the high quality and
reliability features, are extremely reduced.

European patent EP-1029219-Bl discloses an optoelectronic
apparatus for the dimension and/or shape error checking of
mechanical pieces with complex shape, for example supports
with a plurality of wings {(or “E-blocks”) for magnetic
read/write heads of a hard disk. The apparatus includes,
among other things, a system for locking and referring the

plece to be checked and detecting devices including an
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relative rotation displacenents about a | ongitudina
axis. The optoel ectronic systemincludes a |ight

we@eiobherss f or exanple in the infrared wave | enPtTEP2006/060655

transversal to the |ongitudinal axis and directed
towards a receiver, for exanpke_of the photosensitive
CCD (" Charge Coupl ed Device") type. The support for
magneti ¢ heads to be checked is positioned between

emtter and receiver and intercepts a portion of |ight
ERFPELECHYORAE eV TERR: dffAthg S&ABIPLCSc| 9tk &R@wn shadow
eauntiagcl oekpe se ratat i o edespl asenemt s (cavudl«ginS)and the

Be&foineg by.the optoel ectronic sﬁenl A s g gh

AL R TESsouat pSv PP eRs cate e PR EoR Y Sher buphabrathpe  Ehings,
andashape rbeatipes dfsplkeouiceds, glehwt imglofgitudinal axis.

Fxa od 2 éﬁe 208l ‘sg%@eﬁlf ffP %‘ét% "‘&RghEeSe‘}fﬁCJtetro for

a neclani ca erenc by SUul proces |ng
skgmaleprigvi ab@ Uylﬁlf?équbcéﬁ\i@r lerrrﬁetlanouﬁﬁn@fferﬁél to the

Y@ﬁ?ﬁth@ﬂna&n iﬁfsCQHﬂﬁedQEeE%%droﬁéﬁéﬁas of theeiver, for
i on of i ntercept ed ﬁg ( Eart to be checked
S|g

8%?@Pﬁ?n8§ FH% PH9Eaﬁ?E§lt6Vet SprgroyPHRGCHyPevice”)
thpel ecBiy ersuphoxrtt h€odi r‘t’ﬁtﬁjrh@tﬂfc niyaei§peei fbealdnecked is

thei%ngns ersqﬁvdlnengtggs $art to bﬁAchegaqg ts a
BRa*of °th ng ang ofat e Bproerett AORI LY EHR

pectéase,thely@mtatemnﬁtem tﬂye|tﬁmereﬁpt$@rllqnmlagd small
@?o@h&@%éeq%ﬁﬂPe’cBPﬁt%¥B§HbE§1QE t 'le dagggﬁégements

| Mensi ons O art to be c are v
$RHILNIEnGF) exampferneds harthe mqmq%elte@rt)rw {jastem. As

a@fsegmedanqhe iEP-1igmiotoa - gfor e;xam&l,e sPlwpBeCalo detect
features of t elimted

$ eciflic ag I|c%§
gy RBFFESCof S]ib Bted§EHUSFGnAT nh 5 &egﬁaraﬁ?leaet%%f for
aghmpleng tof tled | pbbetiesublfs,senenpantsondictermdspmrt to a

Ldabl e | jve. infl :
RhefBBIohIs rePtice, B SRR HOBEE IEBLLRST W Bignar
deevédsds bYTI’téleapW@IW actbediemgung pdt erfte variation, in

gﬁelogggﬂ.geBlogant}p@ Wdddzgsh foro€hegld ngthgon of 1ight

arrangenent and of her features of sliders for hard.
dnERECeBLR| fPY het e arkdel sdlC ditfensiherkest fgéermines the
shiydemnscare ogongidles eyl spablridédeby G OeLaHidde- As the

a:REgYgus! y fent i oned; prob] £ (oL SEALSE LRI APL L Y s ions,
of the part to be checked and of the swinging angle of the
optoelectronic system decrease, the wvariations of the
intercepted 1light and, as a consequence, the dynamics of
the signal decrease. If the dimensions of the part to be
checked are very small (for example less than a millimeter)
and the swinging angle i1s limited, for example by physical
features of the specific application, the limited dynamics
of the processed signal may not guarantee the achieving of
reliable results, even in consideration of unavoidable
optical noises whose negative influence increases as the
dynamics of the useful signal decreases.

The apparatus according to patent EP-1029219-B1 can be
utilized for checking the arrangement and other features of
sliders for hard disks, but if the transversal dimensions

of the sliders are considerably small, there can occur the
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Di scl osure of the Invention An object of the present
invention is to provide an optoel ectroni c apparat us

wo enoeodmEaeki ng geonetrical features of nechani CBET/PRIOD&060655

that enables to obtain accurate and reliable results
even when the parts to be chegked, for exanple sliders
for hard disks, have particularly small dinensions.
This and ot her objects and advantages are achi eved by
an apparatus according to_claim1l and by a_net hod
EE@BFGPﬁéYtEeEFéPﬁ?@4probﬁ§m§p6§r5F6§C§cééﬂaﬁhélﬂﬁythe
present invention includes, anongst other things, a

base carrying a Eotaiina sys%egifoE rotgtion about a
| ongi t udi nal axi I

transl ation systemthat defines a translation axis
Banéﬂgééé" é%thtﬁés %&tﬁ%x}e‘%{]&& disnal t%x' roélde an
ocking and referenc syst em for ani cal
petehéekedoand ali@P@ma@elISetﬁOﬂ’orﬁ}te@ﬁ@dS%rgﬁ@“@?é%@@d features

gﬁeﬁﬁdﬂghldhﬁwﬁgkggnQ%éMt@n&B@eEEandoBEaEheéﬂéﬁﬁﬁﬂe and
i nvention, the apparatus_enables the plece to be

Eﬁé&RE&leaﬁ%FStUrJretsop%%Pe@’thneéhu ENFe B8t ngt ey Sferiterked, for

peefple Mitikdrd r &gl diaods ddlskzg thevér ¥ taldu AR Xt Ssmall

%gg gggugl rotati ons about the axis of rotation. Brief
s%rlp?|8h of the Drawi ngs The useful ness of the

ihspl aceheritlseal ohgethe EmmhsadwamWa@a$saaada@ﬁﬂaved by an

%@%Q?E@Q OYac §8§ﬁ? t8f ﬁ gmpﬁeﬁ ﬂ%tﬁedmﬁbbordlng to

one cl ear ron1 he fol [ ow ng eta escription
ghdilhé4acconpanyi ng drawi ngs, given by way of non

frhai bp@ﬁr§%@§p|a%<ﬂﬂdi,n eilE prOsket lihSeAtion includes,
erspecti V Vi e]\ll\l an agﬁar atus accordin
meef’ o

tfo.a
er FFeat fibob 8% AFERY I BH; 21 FgEPElEgi gygtem for
petspechi veabauaw, accdmm@ﬁguwdnauhfifﬂ@ntoan@ﬁdﬂatlon, a

g%ﬁh&%ﬁésc—ﬁ?f A% 3%%6{%”5 Qtexﬁ RIS ]d\efffln%%re 3¢3n8ation

arge calé& side view
8hdan tma@ﬁgfetrﬁ@lduméﬂt | D¢I3H>¢¢tl hof itduer elomqltfucgm@l 4axis, a

h §cRifGMhll IR Hap C@sﬁréﬁ)rﬁégngatﬂe%a%fléane piece to be
I nterséction between surface of a slider for hard
checked and an optoelectronlc measuring system. Operating

in accordance with the method of the present invention, the
apparatus enables the piece to be checked and the
optoelectronic measuring system to perform mutual
translations along the translation axis and mutual

rotations about the axis of rotation.

Brief Description of the Drawings

The usefulness of the displacements along the translation
axis and other advantageous aspects of the present
invention will become clear from the following detailed
description and the accompanying drawings, given by way of
non limiting example only, wherein:

figure 1 1is a perspective view of an apparatus
according to a preferred embodiment of the invention;

figure 2 1s a ©perspective view, according to a

different angular position, of the apparatus of figure 1;
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di sk and a plane Y-Z; figure 5 is a graph
schematically show ng theoretical and actual trends of

wGee@nadE4Pprovi ded by the receiver of a known appPEEPI00&8060655

figure 6 is a sinplified graphical representation of
the intersection between a sugface of a slider for
hard disk, at different transversal positions, and a
plane Y-Z; and figure 7 shows, in graphical form the
trend of signals provided by the receiver of an
appar At @8racéot 8i B ?Blﬁﬁéeﬁn§@ﬁ@?oﬁld%e¥ﬂewb8§ pofetail of
Caguyeny, OshOWHeaLBMgnth@nd?[h@cembﬁet@mt ﬁﬁnmgure 1;
appar tus_shgwn in f| is u ed for th £
check h% of Ear%ss %f I &ﬁéﬁu caﬁraﬁ ]E%p]é%?r%ﬁ“é%tlon ©
shapaphnmsecnxunfbeaWégnaf¢baMrﬁm@ekoASsenbuyd@kHﬁ%g hard
ures -2 is shown in a nore
égFg P83H§Aﬁggn% & enatlc way in figure 3 and
i ncl ueguan B- bISO@k AARA tﬁhclaermm%ﬁlllx/ pfoviingsthgoretical
dhbNapkakes t4@nalke cFTOURlER 10 g8 MNP H4cROdrE8EiYer of a
at free ends, sliders 5 O her details of the HSA as
KRe"PeaBPAF FEESHeads coupled to the sliders and the
gi nbafﬁighﬁéa%edeJe&V\eemptLﬂIfli\eﬂl ajresprant s t@pfésem&lon of
t shqown in . t.he figures for reasons of sinp |ty
ERGe PO e g B R o TR, 88 7 251 d8hm DY nard
daﬁy,aspedn§f@m@mﬁaﬂnmxmSWa;saﬁpamzﬂlk;qﬁaacﬁubtda|plane Y-Z;
41029219-B1 (figure 1 ) and includes a base 1 to
Ich there is coupled a dlsplacenent systemw th a

| ongi £4@RAGl {rattePadi ont By ISR G a e trgnd of
debhpes @erﬁngU@anaﬂh@)@éc@%ﬁ et UgeSagp8HRPAEt aBcording
fixed to the base by nmeans of screws. e support 5

EQr FI'esTRVBPGL8Bti on structure 4 whereupon a
| ongi tudinal slide 11 can translate. The protection

structure g jinglydescomponent; pards Qfpd e eniion
| ongi t udi nd

not shown in the figures, |ike dr|V|ng devices with a

Thesto g&seiéberaﬁaer bBpataans! abhBgn! Nenl ORGLbALNAL > 15
1 along the [tudi nal axis by meansof

PEéélééfie\ﬁoéfndtlb%t EE?P%@nEe\ﬂfce%aW¥ hoa i r%@Chanlcal piece

wotar ybnpnedusBhpe, more specifically a Head Stack Assembly
(“HSA”) 40. The HSA of figures 1-2 is shown in a more
detailed, though schematic, way in figure 3 and includes an
E-block 42 with a plurality of wings 44. Thin plates 46 are
coupled to the wings 44 and carry, at free ends, sliders
50. Other details of the HSA, as the read/write heads
coupled to the sliders and the gimbals located between thin
plates and sliders, are not shown 1in the figures for
reasons of simplicity and clarity. The apparatus shown in
figures 1-2 is under many aspects similar to the apparatus
described in EP-1029219-Bl (figure 1) and includes a base 1
to which there is coupled a displacement system with a
longitudinal translation system 3 of a known type that
defines a longitudinal axis and includes a support 5 fixed
to the base 1 by means of screws. The support 5 carries a
protection structure 4 whereupon a longitudinal slide 11

can translate. The protection structure 4 includes
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or encoder, for providing signals relating to the
position of the longitudinal slide 11 with respect to

wo bwologmes 1 . The | ongi tudi nal slide 11 incl udBST/BP2006/060655

novabl e beam 2 , that can slide along the protection
structure 4 , to which there gs—coupled a rest plate 6

for supporting two stanchions 8 , 10. First end

portions of two guide spindles 14, 16 are coupled to

the stanchion 8 , while second end portions are

EBUBPBENE 0 P SstAnchien 12091 THE 188dp Sridis Igdritan whyhtem 3,
peshiggskdSwn 2@ nar Ql&@uﬁh@dnt ard h@h@UIffiguS:@lsr)mBl]aé driving

ile a third co w th bus ng 22
dBifel 0 TheS ot e RaEL 1% bR ieating the
18ng26pd2ﬁaarsl¢depu§daﬂdmg(bhﬂnﬂmnqmtumﬁumloiX1s by means
S8 £ Gedf it hnd ey Sl SR iR AP0kl forary
transdersal Qraredon s§sremrovdeing rig anals relatlng to

Eﬁénilo%tﬂtg’ama)@fs that 16851 £8ASNEI SN 148PMA with respect to
SEeCI i cal Eerpendlcular to the Iongltudlnal axi s.
rs

het AgRgisti0mady st bif® 1 des™a “movable

assmcrzat edadr cuhngldawi eesnyi theapsecendiehestriieture 4, to

4 coupJed h stanc on. 8 t her detectin
1By Bt SSeORbCH, e PLRGt Showi | st CHha two
Btgucbspns amdla t Fans sgidbrpamchars suf | ted udinhdeaspindles

@i Nty G0y &O%Bbg‘ieho %@etﬂgt %fta%%hfd}ﬁtscamﬁ% &SN end

screm132 I nt egr t he 50|nt 30 r eaded
E@ﬁﬁéﬁéﬁt e | éaépﬂaaﬂ 3o cbipl ed-anshimn wbPm dfewcgpponent

eoypling BL8ABALs368, coophed teuphedl eadtAbt gd4del Spindle
i xed to the ana Ie tabl e 28. The second electric

torBil ¢ adses tHE ARG B3 Eo Wot'at & aBRSRIPYs 22 is
a&upled mdtmnedgﬁedélm@ﬂmdiecjﬁmemheanmpdﬂmmﬂe¥nkts 18,

tO tr ra n_axi
cohsequéﬁ%% g?ﬁ%f%§0a%§ t%%l q%% ggﬁségfeégéhﬁ[ to a
£hesgui siede prafvi dedmbyabhe sfpab1bEke§8l4 thetwi i part of a
H?§B§8&eﬁ8n£he§?§E§m'onﬁo§e’ %%e%ffﬁ%%lﬁ&'dgalltrgﬁgversal

st anchi ons al so carry position sensors 38 of

EKABRAAEYPR, S¥Stam eXafpransndt e FramRIaVEODr agdS dahat is
tyaﬁsvbbataldet edrd hesp@@ghw@lp{/ | p@rbestiaRup@si, ti 0S  the
3%3 gggova Ig?table 8 ig t he cougz .ogaééig  on . svstem 9
a’ohy t HES r ShePSYPOR%Axi s, oot ¢ i%F
$an$0d5338ssocmamadedkdving devices with a second electric
motor 24 coupled to the stanchion 8, other detecting
devices with a second transducer (not shown in the
figures), and a transmission mechanism including a Jjoint
30, coupled to the motor 24, that carries a worm screw 32
integral with the joint 30 and a threaded component or lead
nut 34 coupled to the worm screw 32. A coupling element 36,
coupled to the lead nut 34, is fixed to the movable table
28. The second electric motor 24 causes the worm screw 32
to rotate about its axis in either direction and,
consequently, the lead nut 34 to translate along the
translation axis. As a consequence, the movable table 28
can translate along the guides provided by the spindles 14,
16 with respect to the stanchions 8, 10 of the slide 11.

The stanchions 8, 10 also carry position sensors 38 of a
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a known way with an elenent integral with the coupling
el ement 36. At a second side of the novable table 28

WO bre97i435 coupl ed, for exanple by neans of scrBOBEPR06/060655

rotary table 13 that is part of a displacenent system
nore specifically a rotation system 26, and defines a
| ongi tudi nal axis of rotation. A substantially
C-shaped support 15 for detecting devices including an
opt oel ectronic neasuring system 53 is fixed, for

ERANPI EYB§ nBAn&NofXEEP ﬁsof thg ééﬁPFSPVBaPF eptispl type,
tE@tSLMdt 1Bhe, ﬂe@c%hl'i@lﬁ:]f obAar )ll:malal esddp apdse@ibheS of the
t he rrpntptsoteotoeetr | C.INEe

L0TEIFRT M PR Sndi iy e S5 B8, R ahes A eRent along
nhasumanglayibenaﬁaslsmﬁétﬁuaﬂ«mnm1S&HEEW$c&8tcngperate in
ﬁagboz@g 15:3%‘3”%’ | & | 15e ég&n&fﬂ? ‘1%%%@1% 6«?1(—_)1; the coupling

and i ncludes an emt
génaeeati A§-a beam of light and a receiver 55 for

hrecgi ekgnbhe ildegtds antl gRRRItd NGLISOL r2SPEREEATis coupled,
el ectric signals . Mireover, the rotati on system

ﬁﬁEI8&é§P&§s&¥zﬂ%ﬁP%r?@lﬁ@rﬁﬁércésﬂﬂqﬁ¥%a§%ﬁ#% ﬁ% bpat is
Bérthaf aadseplaeéﬂénensyetemhembeéaspetabheal$yaboubtatlon
the Iong tude?| axi s of rgtatl rotapéona{a  on

BFace nts! ofd? e 7ot ar Pagﬁgufén oK 58 R A
sobﬁtentha¢kyﬁs©-$hap&dw(amgpnmtnglﬁg)meuﬂdaiadhin@ndéevices

ﬁcl%@hﬂ 24P Eoell%&%nlt@%eaéh?lﬁgng%g%@h %%”f'%ohxed

e opt oél ectr n|c measuring systemb tegral wt
fﬁém@@n@é@l mxatrée@%Sao@ S eyisz sadtbsﬁaﬁ?iﬂﬁlrla} part 17 (of

PREDP d%ﬂ??ﬂ»ﬂtaflsp,tﬂ% s ebthelatian of18hentot@dries the
t abl e Possi bl e_oscill ati ons of the support. 15 in a

EPBRRIFEE &RJ TSoutlt ef BF 0 ORNCEES CGitr 88 Col g9 system 53
btnfired, endsalper 2%e khemnpmayléhatonscnméashomnglBystem 53

e dr n I t
?gfegéﬁ%%%q%uygﬁ %Hé%ﬁg sﬁgg£H§ %e%%’b nomnn?é%/‘3 llke the
boeatled catibee iinntFd-18¥2 Bf1 X+8d ,r et yln@bll@easan emltter 54

Addi tdyé’rﬁ@ia@fﬁ&“& NgedRVi G£S 11rbcﬂﬂid'a%1 a tmé@ef\%@HSS for

transducer 29, provi di ng nal sdep endln on the
5ﬁ@9ﬂ3#“50§@ﬁ(ﬂﬂ%ﬁttﬂédréﬁﬁﬁfﬁ QEQEF%ﬁ§P?$Q%D%feleCtrlC
thgnaptoel ectroni c nmeasuring system 53, are coupled to

hhe not or Zlhé

oreover, rotation system 26 includes associated
driving devices with a third motor 27 that causes rotations
of the rotary table 13 about the longitudinal axis of
rotation. Small rotational displacements of the rotary
table 13 in a clockwise and counterclockwise direction
(swinging) enable the ends 19, 21 of support 15 and, thus,
the component parts of the optoelectronic measuring system
53 integral with them to oscillate in a plane Y-Z
substantially perpendicular to the axis of rotation of the
rotary table 13. Possible oscillations of the support 15 in
a clockwise and counterclockwise direction can be limited,
in a per se known way that is not shown in the drawings, by
suitable adjustable, mechanical references fixed to the
slide 11, or by known devices located at the interior of
the rotary table 13. Additional detecting devices including

a third rotary transducer 29, for providing signals
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The electric notors, the transducers and the conponent
parts of the optoel ectronic system 53 are connect ed,

WO eooa/0kmeswn way represented in sinplified for mPCTEPING6/060655

figures by a conductor C, to a processing unit

i ncl udi ng power supply, contrgl _and di splay functions,
schematically shown in figures 1 and 2 and identified

by reference nunber 25. The HSA 40 is fixed to a

| ocki ng and reference system 31 of a known ty

dRBRAALATT iGurigha angHéeFodd 1ad %f Eh@ne’@% etiﬁble 13

sﬂ? it dbrg tglé/\lobbt:aéhf@cégonha e@emd Lﬁ:dl_ﬁgﬁ thetbases3, are
or _examp ang.,of screws, and can have
SPPPi?gngoshgﬁexggErs§FUcture, e.g. depending on the
mhﬂensl®®BrbmdrMﬂxnhE shape btfatbéupeese dmd behe component

@%5% | e in .
égg§gzg§19 |gure s om§§%%%% ggtgg%é 0 é%ed e
k@@wnngaﬁn@epéﬁ@e@ﬁ@él Sys tseifiig £ il gk ef qrme efﬁrer@m%eflgures by

Ql@65d§8to§'éedtboatﬁﬁoﬁgégﬁﬁglﬁnﬂ% 1hB§hth?gp@wer supply,
surface 58 that .defines a reférence plane r

6pP6EPACt FBHI cINBRLEYiI n§UBGELRATES. Sﬁhﬁ@éPéEﬁﬂ&M shown in
ehgﬁeeb Glapgoreahd thenteEEéanbgdbbﬁékeﬁeefﬁombéusns
€RosSI

r or el gn tter that, m
Bherhag a0 5 S RalRL S oL IRbKTRY SRRORhEePab oo ysten, Pl of
53 km@mmpﬁqgaflykdetebpwng the feferenck pldree. 10lk&ing and

n f.ereqpce d [ angh fi xes
k%%gkggfg|%¥%%e%‘%g'Hé%xi%galﬁieécﬁg%%gg%ieer X& coupled

§9e§ﬁﬁ|@aﬁ?y1MAfﬁrr@§ﬁ@Eﬂethtﬁ@aﬂéf@feﬁ@éeﬁﬁanénﬂ can have

dherepehat i gnapt aanappatatiusuaegordigg t@e%@ﬁdln on the
invention for the C?ﬁfkln of the sliders 50 of t

HEACRE - PES nBWIdeEC NFRSh FefdtemtEEtd P gutes %C$ed as
deih31hpﬁamakU31Iﬂuxﬂxﬁmﬂiu nfohe gxaegdrt, | hiweAPFLON020am9-B1.

tili hecki t, hei g a t sp a
e b oFPRELeid (Fh L hs ARt D eapal “reerence
dyﬁtemenﬁlaxeéiker ar okpfeandcepi béhtk 059eacﬁl§EddetO the

#8rgeyBhed hg 't§n@§§89h8teg tbj,peREat e546. tﬁa% defines a
previously nmentioned, thése features are of inportance

F@?eéeES?ré@Pﬂﬁeda/ﬁP¥t§h6r6&€§§ﬂeﬂﬁ§QQ$¥zﬂﬁ?%@¥+&%dsystem
59.t hepkeekibgoand1eptatestepsystefs3thenrsdeheacWaylock 59

%Qg% %ﬁ%ttmfjéﬂﬁggsf§§e£§§ %thggn%%a%hmay deposit on the
surface 58 and hence prevent the optoelectronic system 53
from properly detecting the reference plane.

The locking and reference system 31 identifies and fixes
the position of the HSA 40 to be checked, more specifically
with respect to the reference plane r.

The operation of an apparatus according to the invention
for the checking of the sliders 50 of the HSA 40 is now
described with reference to figures 3-7.

The apparatus disclosed in the present invention can be
utilized for checking the height and the spatial
arrangement or attitude (inclination angles about different
axes, or “roll” and “pitch”) of each slider 50 coupled to
its associated thin plate 46. As previously mentioned,
these features are of importance for a correct read/write

process.
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are substantially parallel to the |ongitudinal axis
and to the translation axis. For the sake of clarity,

wo bmeogrrat i on of the optoel ectroni c appar at UsSPCBEP2006/060655

herei nafter disclosed by describing first the checking
of a slider 50 according to_agnmethod that utilizes
known parts of the apparatus, and describing then the
new nmet hod of checki ng by nEans of the apparatus
accordingato the i nventian. ure 4 shows, in

ShapHPfi 89 fisr iz q%tfé}%e]m 7i#d-Teheprape yyztem 31
ofh aucef e enge suatemhéYZcmrﬂ e@l@i’;ew 1B fIhe on planes that

QBT SBBSb 2L 3Ry GF e (ford B0 RO AT ghf £ gend to

theotrespbading &sisexanple to the upper face

Fgpviously, I chegki ”818?%29 cafy} ed Jﬂt&he the

same way with reference tot | ower fac o0 the
apseelaceyoBiEf ac@pParathe suk$ ac@egflmitteﬁ—’ansd@@e@sed by

QbEEB§b9H bflrge gHENCHBERE RPCEFSYSE@MHcN80XaBXb8difg to a
par al | ?o the l.gngitudi nal "axis of rotation and |iesS

’Gﬁt?ﬂg rté?aet'r e%élﬁlzﬁﬁe fnowp pParts o5 st]ib%r ARparatys, and
Hhecbeamhgf thbghﬁ:h@ndleﬁmalez:hﬁ@d Sofl sciperipenglisyl aeah® of the
n the fi % ﬁétgrgalFS|des (or edges) of

e

?ﬁ@a ﬁ#?gcgcgfr wd"poi nts, ep and en

Fl@uaasﬂashows,oﬁnthempbm@neddﬁnam,sthdelmleasection line -

6R/N d_ heedy by they f'ﬁgﬁeféﬁgérég H@ﬁo&yg Q% ASRAURLEHeh the

enc housed in the structur are
@PBES&@CGE@ﬁl€h§Yﬁ§8@hﬁﬁg onaapégbﬁFéﬁtFﬁ1%M|Ehaﬂﬁesurface

mto%kﬁchﬁﬁﬂlcoﬂea%%élnQﬂ%M&hQﬂ15§olSsﬁbwﬂ th@ﬂsvﬁi§@ie 3,
section ?ﬂr (shown_in fi

Sobceanelathg Phrl RaahPLRator Chroupela Tl WAPEhopely, the
bﬁebemugredntbecabm¢ﬂ%ﬂ(ﬁh@Jﬂhadkingam@fwahew$tthEference

gg ee tllyv)’eqf rrgggr tor o{:ﬁesn?ééoé O&@é(ﬁo%urface . The

acenents se and
eomﬁaeecISécHW%etmm%mlr%ml dimehelpot &r.y krab$ech3reference

Q?QHBmth%héXRSa%EéwﬂéﬂﬁéHElﬁ&LWﬁ%'@@btf8n§9€ﬁgﬂﬁgi axis of
parts of the optoel ectroni c measuring system 53

sstpfianeasdodtigtt ioQt | ¥1¢ nrehereReei BhapPafke $he Y axis is
parsespondicag tthd heocrie obffi gilgRt4 ankn tde COMrSgxis is
of sucgrot tio ﬂ?bsghacenents t he optoel ectronic

heasar ﬁﬁu §5t

In the figure the external sides (or edges) of the surface
51 are indicated by two points, e, and e\.

Translations of the longitudinal slide 11 are controlled by
the first electric motor and associated encoder, housed in
the structure 4, and they are stopped upon the reaching of
a position in which the optoelectronic measuring system 53
is at a transversal section plane 81 (shown in figure 3) -
lying substantially in the plane of figure 4 - in which it
is required to carry out the checkings of the slider 50.
The third motor 27 controls small rotation displacements,
in a clockwise and in a counterclockwise direction, of the
rotary table 13 about the axis of rotation, by making the
component parts of the optoelectronic measuring system 53
oscillate substantially in the section plane S1

corresponding to the one of figure 4. In the course of such
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53 detects the spatial position of the slider 50, nore
specifically of the associated surface 51, for exanple

wowrdh/oyrEspect to the reference plane r defi nedP@EPINE6/060655

surface 58 of the reference block 59 and the detected

data are processed by the progessing unit 25. On the

basis of the signals provided by the receiver 55 of

the optoel ectronic system53 and by the rotary

transducer 29, the height zp of the point ep can be
H@Fﬁﬁéﬂnaglﬁpﬂéﬁémﬁaﬁsoft?ﬁeoﬁﬁ@?éeé rpRL&t MGASPEANT system
58 nntd] ehet hepHpiOel polsienioe syst emeb3s1ader 3d1e more

h th i f tati i d th )
SYROIRTRAT IV BE LRE S5bRafachd PhPRcboB e atSstPRample with
uadpecton9|dheaMeﬁendmmmwphadégpndeﬁﬁnedrbyhehghsuzﬁace 58

ex s en p
G0 BRPLESER A el () g AN By are
Rrgresged bYThbesprééﬁsEGDQnGD@he2§ptoeIectronlc

system B3 sher e mra e lgditdad r fetddd aby OfSe MdbBeiver 55 of
respect to an initial 03|t%§ aﬁthe oscl | I ations bei ng

FRe| Gasaelechean ian S d BY ditf e*GtRTY Arendducer

Ropowthd Ohe'ilj‘altl HN0bes dHee pbﬁ]ﬁtofept heamn@ee defined as a
ubs anti al corres ond% to. t alge of the.an?e%igk the

3& nsam eﬁﬁ% Forr( Ota PhpPifidad
bptbewsctrbnz@ (sy9tem - 5)3 -q Gn(Z@JO e Ahyanbhegbﬂs that the

EQH tb%”ﬁ&@aﬂ%ﬁ%k%%é%ﬁgégefﬁg R@BdﬁgegQﬂ] thgnfurface

where zno I s g
ﬁelEth? ERCa6~ ﬁﬁ@taﬁgléndee COGﬁlﬁeEPEh@nCF OYRowA figure

un theureight kpecHAUSd i OfSrd2dedik(3) are
repre @Eted by straight Iines Rp and Rn that neet at a

po e xi ey S@ti+om,y . It is assumed that the (1)
system Ras previously been properly calibrated, so
twhatet by dendihtel dre iwier eby ft héebeamndf ei ght tbé thgle 6=0.

E‘Héoeéff&élpmsﬁ Sgﬁ&er@}?es optoelectronic system 53 perform
small mutual oscillations with respect to an initial
position, the oscillations being included between an angle
-6k and an angle +6. As known, for small angles the sine
of the angle substantially corresponds to the value of the

angle in radians and the equation (1) can be simplified as

follows:
b
z5(8) = EX 8 + Zpo (2)
An analogous equation (3) can be considered for the point
en:
b
Zn(0) = - EX O + zno (3)

where 2,0 1s the height z of the point e, at the angle 6=0.

On a plane 0-7 shown in figure 5, the equations (2) and (3)
are represented by straight lines R, and R, that meet at a
point of intersection I. It i1s assumed that the system has
previously been properly calibrated, so that the condition
whereby the beam of light of the optoelectronic system 53
is parallel to the reference surface r corresponds to the

value ©6=0 and the height of the reference plane «=r



is parallel to the reference surface r corresponds to
the value g=0 and the height of the reference pl ane
wo ewsngRpdnds to the value z=0 . The point | rBEQI/EBRBNE/E60655

the condition according to which the point ep and the

poi nt en have identical height; zs, that is to say they

are both aligned to the beam of |ight of the

opt oel ectroni c system 53. The value zs indicates the

hei ght of a central portion of the surface 51 with

F@§5§€POPGStH@ phan¥atue Ff@-angle gi corresponding to

Thé?p@@ﬂgatl?Bpﬁ@@é?ﬁgntﬁg%h@gdmﬁhbﬂabb@BrHEhgftbh@hlch the

surface e_slider about. the

PPyaFcsa fndi heredbbleer cheh Tarhloras Branbty % ahpet is

tes defyi ndkyasar®l boahgkéigSedh @ngtlee cbatmi bift esigh: of the

BBLLAECLORCRRAL LAk LR 380°HRR Q1,1 U 48; 0L bDche neignt
ef "to guarantee & proper

Péaé/@ﬁmﬁéaér®9§§§QW afhehee s iage i35 wisocrasegct to the

gigke 1. Musie hayga sebstantiad dhdﬁﬂ V& Ughikh condition

act ual fact t he S|gnal provi de the opt oel ectronic
§GBFeRf85Si § thg t dec 6“6;‘}19& sgr aﬁg t e c&PFééﬁ&nd? of the
emﬁderrspr@ﬁaﬁﬂruhdtw @EighkséeOElbﬂeeDMIﬂwﬂﬁm a@dpect to

ndi n the angl e doe ot 0|nC|d
go?tlg% S*of' th W%ufﬂna?ﬁn %& reo ?le Such
thegle icomtygrlwates it | deﬁgeeofthhe xgﬁuxﬁﬂ lmmnaﬂgament or

gh
BQE%QQHQt <ﬁf Eﬂéerssle?&iéﬁonFPy r}@gneg tgt?zﬂfjantee a

surface 51 are substanti a S|gnals
PEPRET ng <Bel/Hd tepsiaes sue f akBs é?teatdhé?‘éqﬁ defs 5@ssociated

QuBREr i enﬂugewﬁavéuafagsglaat@amtyeﬂumm aadueardly
The curve_ S shown in figure 5 sho

Ly prchiar ot e SiGhaP Erained 4ol oty oBaaR ectronic

pyotetie83 Osi R flew tielle labowel I MndNEe Nooseespbrding curve

i f. inte cti i_S t .
PobEhaZert B EREChER o T eRee It il & srg.sesrippgnaing
pncl iUt ngnkileea? Kbgﬁ%sspbn onindieddagilshof peat iers ofof the

EB?a%l;HEa@lr{%é’V:RgedaM ghe %f@dxﬁéﬂrorﬁh%r%y%@ma%greater

[1Tmted sw ngi Ng intervals in which the noises areé
eRpEBERAL| y Hegl LBPDI €PN spBeiffEal 1I3F t RBefi yint  of

sheakgbtthbne is eileai NBdabhropigh ifl@@r es8lONsurface 51 are
E&ggggﬁtﬁglgf qlggghaaggigféu%fé)ge a fg£ttopthe opposite
surfaces of the slider 50 (upper and lower surfaces) are
mixed up and hardly distinguishable. The curve S8 shown in
figure 5 shows a typical trend of the signal that has
actually been provided.

Owing to the above mentioned noise, the point of
intersection I is obtained as the intersection of straight
lines obtained by processings including linear regression
on the basis of wvalues of the signals provided by the
optoelectronic system 53 in limited swinging intervals in
which the noises are expectantly negligible. More
specifically, the first straight line is obtained through
regression processing of the data relating to the point ep
detected in a first limited interval. The data used for the
processing are those with greater 2z, that 1is to say

farthest away from point I to be determined (to which there
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detected in a first limted interval. The data used
for the processing are those with greater z , that is

WO eoos@ay74iart hest away from point | to be det er PeTER2006/@60655

whi ch therecorrespond angul ar values in the interval
Q- @ closer to +gk ) , data fzhat are presumably | ess
affected by noise. A simlar processing is perforned
for the second straight line, that is obtained from

data relating to the point en detected in a second
FREERTRPRANEIY Y meci Y3 Ea T y1Rhd hdat @ ¥ br Butler Gloser to
¢op) whibehat herse cors epperdmabdyl alesl yesetbeih®y noise.

te | J to d
RS R RS s T otmehe T { BiBe SSEH 1 ﬁ%ralght
$hinder £hb@ ared clvtadeed i fabmsdiangi ngplaiglng; tdethe point en

&§£EQE58n&I14 QQéoﬁ@tEBESEEEg b§&¥¥3§ﬂéé¥¥(§é dthe data

correspon g varl atirons o I mension z
vathbhergasph shéka Whithgthers corheseprgl aéguéam ﬁ@ﬂues in

ghapenetrihe 8 %r@u ghtskines R, and Rn and a decrease
of the variability interval of z in the detected

PRPBr V&I ?%ﬁrﬁﬁsﬁndﬁiﬁt%ﬂ franﬁﬁeéﬁﬁé'Q%ﬂ?ﬁﬁl?%eb of the
g dynamaes"smfof hehsi g@ﬁid@f@vmeobrb:y blie rdoed Medl 55winging
decr eas xanpl Nn.the case of slider

REIEorhsi variaranth oF it fasre eSS frfraliger 50
and nanmaSpemdﬁmw|vnﬁndnmqmﬁﬂpfhehshdmmedﬂl@mdztHecrease

Eglt ‘Eﬁtleeg;%: ?ﬂe 3% t%’H %gﬂ.{%‘ S0 nofs exaErf 40, fn?léor slope

I nt mn I sinplif

Pér nﬁl?ﬁ]d sitg@Aointi e%illb?s r é?per@i*f%eBnDzaranné Drecyease of the

{hospBidityl Snekrkaw tcﬁinsz ofnMihe Heekeft@e idtdedhfls (0,-6,
of the_sligder to, be, Chﬁg‘td i s

transyversal di nmen
GBi Wk The st baghsr e | SokvRiCer “Be he ' Signal
pebirabied Hgtaheanebelvee SBabkcaadsaet al |l ow

s }f ! &El%tw aceyr e, and, J epeat a%'l‘id%r %Cegiltﬂgstry%ét}ersal

erencer 1o’ t he speci fic process termn
dimeheipoi dx o |tr1meer<81e@¢ronfl on@nmltlﬂlulsle@fert rend relatlve

ng§E§bHE Z@e@%@%ﬁﬁ1ﬂﬂ§ EQHBe%nggﬁ thi G2 bS toelectronic
ficult. In order to broaden the variation P hterval

6i’SEeE“ P8 EhRAtb&oemats &R aDd Tthor ddsr BkIlnppft ke useful

ohttheal ot atspowhet ieerns el Piese 4drand s identified by
[ However thls nis

optoel ectronic system 53 Iutlg

RBrCarRayS PBusiii ot of hekafpre Ph o of rew EnbSor pm.
Therefore, if the transversal dimension b of the slider to
be checked is very small, the amplitude of the interval of
the reliable data can be too small and not allow
sufficiently accurate and repeatable processings. With
reference to the specific processing, the determining of
the point of intersection I, and thus of the dimension 2zg
and of the roll angle 6;, can be difficult.

In order to broaden the wvariation interval of z, it can be
envisaged to increase the amplitude of the rotation between
the piece 40 and the optoelectronic system 53. However,
this solution 1is not always possible, for example in
consideration of the mechanical 1layout dimensions of the
apparatus in the course of the rotation, of the possibility
that the slider 50 be “hidden” to the optoelectronic system

53 by other component parts in the course of the rotation,
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consi deration of the nmechanical |ayout dinensions of
the apparatus in the course of the rotation, of the
w@omsiwiskity that the slider 50 be "hidden" t oPCTEP2006/060655
opt oel ectroni c system 53 by ot her conponent parts in
the course of the rotation,orp Py probl ens bound to the
focusing of the optoel ectronic system53. A nethod of
checki ng performed by the apparatus according to the
present invention foresees that once the position of )
PﬁebglP&@bifmél&ﬂ?WQN¥Q(ﬁﬁﬁt§Rﬁ?%&n%x?§ Eged@PFﬁéé?Ctronlc
gysagﬂlsson to the oscillation displacenents of the
éotar ble 1 there be al so é trall ed displ acenment iy
| RGO X ansFattdh BRiSOHFCEnEYnmovibl &% "r”’eu%sac%r h9
mblthetpEeseharynVathOmeoseseapleuatbenmeenha pbegtion of

gﬂg %f¥§§ng1tggﬂﬁﬁﬁ‘§%% g%ﬁp&%ﬁb&h%ﬂ %E%yls defined, in

I splacenments o e controll he not or
gddithenprievi sl yosesblabben t ddrediassimemtiecplnitdin  rotary

@leEhQ3po%h%k%nk§§Q§Q£§ Ght oS @1 P¥SeméfMts along the
ified formby a contlnuous I'ine, e Cross

gégg%ﬁtapnt R kUt Pacelist BPVPRdSs| falate 3ton the WaRh the

gechiron thicdre 13 0f Cogwied aieﬁvmeee POFitrs@NEndA a second
%lrst tranivers endt?03|t second cent.r

osi'ti6n> S RPP AT Ry resaﬁ1 %%aa%%“s“?%%noé afnhe table
aeéemamﬂ;q%kadﬂbyﬁzhemmnyqﬂ 241 h thiee Pptod ety odescribed
§¥§Bgﬂhé%lagdmgSﬁgﬂggmaﬁnhntﬁkgyggiéion énEBrEh§8

evi ous escr | case ence I's herernafter
Eﬂiaér?o & heh s £ adl §ILH@f13{ﬂ1§%p¥)@?mf Bie asCmt Bxaript eline,

aﬁbycraag thetgbackiFngnheanukeacar siedrodhei B141H8rS80BON the
with referenpce t%ﬂihe | ower face and

S@ Beisktdd Blrpaeas P eSpetretd 1Rk F%F&Fe&&?ltlons- a
syssen1X¥zn§Mmisﬂh desndb0 pssitaosl ahed fa omsédend central

gSg% nPOsif4on algug .t rané%%]?s%’f’t i So @Ehves in a
n a negati ve sense, or exa an I Ircal
apbanendy , syav\amdthfﬁe tlnaﬁgveitsaméhd pbsi tpphgeAectronlc

80d:Bn! Bat aaaedeemﬁsausgt kY k9gatedqat identical
di stances and at opposite sideS with respect to the

feansier sklfy E&RVePe$ Iposi R iBydvi FRSE of Yeerence  is
heassharten fkgpl acewprt slRREG 1916 of U S, upper face as an

SQQ%SEG %%ly, and the checking can be carried out in the
same way with reference to the lower face and to its
associated surface.
With respect to the reference system XYZ, the slider 50 is
translated from the central position along the Y axis both
in a positive and in a negative sense, for example by an
identical amount AY, towards the transversal end positions
A and B that are consequently 1located at identical
distances and at opposite sides with respect to the
transversally centered position. By virtue of the
translation displacements along the Y axis, the surface 51
forms an identical roll angle ¢r with the Y axis both in
the central position, and in the transversal positions A
and B. The relative translation and the swinging between
the slider 50 and the reference system XYZ are implemented,

in the embodiment shown in figures 1 and 2, by translation
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forms an identical roll angle Rwith the Y axis both
in the central position, and in the transversa

w@omshdams A and B . The rel ative transl ati on BEMEPINE6/060655

Swi ngi ng between the slider 50 and the reference
system XYZ are inpl enented,- i1y the enbodi nent shown in
figures 1 and 2 , by translationand rotation
di spl acenments o f the optoel ectronic system 53 that
defines the reference system_ At each o f the
ERAnEPERSAPNp SiSPIlGSMANATd O | thhePRE AP ke peF PR freflystem 53
enetor dafahksal idhe o feﬁé\t@ﬁc@g gystem.betweenddie of the
ggtoelectrgnic s¥sten133 a hg slider 50 ?nd

girvedsval b8 r&PaPi BpLEi arepBsT{PoReg pne or a
pherpbinys &pl, své,ngﬂir@ndcgplés leatweent Hdte depknelehéronic

At c nehhe _tr n

R s - b e
EReshet ispalt ierle Mo <o tiaml afesthe deeéetades ry @heand ep”, en’,

eRbeelret hanithSYSt@n 88 8nhs e FAWENBING ANGhE HGransversal
varies and representing the position o f the _points

EﬁiltéPPi dhdespg B, éﬁS?eCtAdeellraugthf%e graph of figure 7
ehbwel etig obheosysieal S&rteym cafl yadoes not déebetbdt h@ the
ace 1 when th

SBERRTPERTRRLP, Pk Epors, BHcsRe SW%ngﬁaﬁ.?ygﬁﬁe ofaphes 2nd
veprésguténg allso shoisiohe ofhedret poahtisr emd, o €' and ep?,

¥.%d uegy @h@u&h atflg Q{%d%lh Jt]:td}ﬁé%ggt&g gﬁgl@yepgld@afl¥ does

p0|nts e Is to s
pRE Sltagte Bhei enbina aPdges| tqfonth¢hes1u@ftaec@|ﬁa g'fen  the

vakues ﬁ@'@hlagcbﬁtkﬁﬁ §agﬁe@@n5lf@rgrbaggfgle@rcﬁgr@ty the
enapl es

the fran al tions A an

SEQBIT &k h G 07 Eoie | aha's Cher e regicSl trend of
uﬂnéual ablderfuwthenupmértmaceswiNgiﬂ@ spedidi @ of the

gxﬁﬂE'eL dVért%§lt§9{{han %%%tyktfh%réﬂé¥e§%akhge sprface

rengi on apﬁ‘(longer hé Tea
ahdini chnéndilngopdtabs.epl, en 2 , that forns an

Tﬁ@p%%tct&%'gj ofaﬂgéﬁjééappemﬁbna E‘ES' %heﬂb%ﬁﬁaéclée A for the
t he apparent angl e corresponds
slider 50 at the transversal end p031tlons A and B enables

to acquire the spatial position of a fictitious, “virtual”
slider, whose upper face (in the specific example) has
virtual surface 51’ with transversal dimension bsp (longer
than that of the real slider) and with ending points e;y
e.?, that forms an “apparent roll” angle @gspp With Y axis.
The value of the apparent roll angle corresponds to the
coordinate O, o©f the point Igp of intersection of the
theoretical straight lines of figure 7 representative of
the ending points e;y e.’. The height of a central portion
of the surface 51’ of the virtual slider corresponds to the
coordinate zs of the point Igpp.

The angle @rapp that the virtual surface 51’ forms with the

Y axis can be expressed as:
QPrapp = arcsen (AZapp/Dapp) (4)

where AzZ,,, is defined as difference in height between the

point e;‘and the point e.?.
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f the theoretical straight lines of figure 7
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height o f a central portion o f the surface 51' o f

the virtual slider correspandss to the coordinate zs o

f the point lapp . The angle fRa p that the virtua

surface 51' forms with the Y axis can b e expressed

as = arcsen( p/ bapp)  (4) where
aéfﬁﬁe8n51§eéyfﬂ@?€ﬁééaﬁ WﬁévgﬁpebéPﬂé§n¢BhEhﬁg H?ebETrface

Bhdofhehpoisntider 30. Ifdraiy efitdy elhe iYlenti catamaye thRpressed
angle fR that the surface 51 of the slider 50 formns
ﬁFth the Y axis can be expressed as : fR = arcsen

e Dzreai is defined as difference
ﬁ hé?%%%LBé?W€ the poi nt ep and the p0|nt en . (5)

W [ n n e I
& Erd A?Q g;8 gg%ﬁnéﬁ éynﬁlffé: gg tO Tha %ﬁg% Bgtﬁeen the

e angl & substantial Ty correspon e and
Pﬁénéqaaii%ﬁstWQJp%&ﬁF(?@ can be sinplified to obtain

hie chl | owi i eguahboBs Gk anh (7). thesrale_«&asJe\helﬂunétlon of
Z Irea
Eﬁ?heng%ede?ﬁg%teﬁfﬂf%%% EPIREFROPER 1 oF Ak cAEHIE ant the

aboagivhe Y(4Xi and he5poicds rrb]e andimppiatedofto obtain the
IS a7 b 1 PRl

uence cesFare I denti ca
hat isy,D =Dzr eal ( 8) and the roll angle

%ﬁ?%aﬁ %m%§%$£ssed as: CpRapp x bapp/b ( 9 ) The (6)

graph of figure 7 also shows the point | , of

coordi nates qi and zs, defined by the intersection of

bhe= thworet cal straight |lines that represent the (7)
poi nts ep and

As the slider 50 performs translation displacements along

the Y axis, the points e,' and e, are of identical height,
as well as the points e.” and e,. As a consequence, their
differences are identical, that is:

AZappy = AZreal (8)
and the roll angle ¢r can be expressed as:

Pr= OQrapp X bapp/b (9)
The graph of figure 7 also shows the point I, of
coordinates ©: and 2zs, defined by the intersection of the
theoretical straight lines that represent the points ep, and
e,. Positions of points I and Isp in figure 7 show that the
surface 51 of the slider 50 and the wvirtual surface 51’ lie
at the same height zs.

The advantages obtainable by the present invention are
evident, more specifically those consequent to the
possibility of mutually translating the slider and the
optoelectronic system 53 along Y axis, and acquiring values
relating to the position of the surface 51 at two positions
A and B, that are distant, for example, AY from the central
position in one sense or in the other. 1In fact, the
theoretical straight lines representative of the points ep1

and ef, i.e. of the ends of the wvirtual surface 51’, have
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en . Positions of points | and lapp in figure 7 show
that the surface 51 of the slider 50 and the virtua

wewobagr451l' lie at the sanme height zs . The aPWERPBAGEE60655

obt ai nabl e by the present invention are evident, nore
specifically those consequentijg a the possibility of
mutual ly translating the slider and the optoel ectronic
system 53 along Y axis, and acquiring values relating
to the position of the surface 51 at two positions A
drEaBer Havige apethhticrbr (@RanpPeOl Wy f Vahiiehe than the
eaabr:at1@@$l tst@allghtonqws]ﬁeﬁeséhﬂmm hef. th8 points ep

ét t he theorﬁt|c$ st{ 4L? ﬁgresentatlve q;

poi'nt §°BRCEh4VENY2 s ot°tHESe, tor an

wdehbaba$uahguéa511pthava@veahervangabaﬂitgeﬁhtekeaﬂ of the

Fb?rgg 8h8&§gvggﬁﬁgs J%%&:gﬁnfﬁécgéagéigégpgnlc system

I nes epres ntative o
paspact | ety . olrhagneﬁ@meesm 13lpke edgéa ffoyrr gprocessing the

kdgpEEsabnanguh-an ghit envdles .t hauosad | adpdiiyiddigyyval in  the
of "the corresponding val yes ,detected by the

opteeract rsmes- s;Féteem"éﬁlaH&iltlﬁéfs Jo‘b‘i%lf‘fﬁhmoé rel sy the
gdataifnt prieeessidly tbpreegnessitdr steoighe,d i fasdicated in
re_spe |f|calhy inthe |nterva

%ggPa8|l ¥nteFVaFefFr?n§Fong pe) sf&%u&ﬁealﬁﬁé thap the
V@pﬂ@behtSYthED¢EMVHleMﬁ2 ti mioet edthen $tgareh” BPyine that
n S aRp,t he ri I

e e e P PP T namthay YFeprabenthe wavs
f—ﬁetb@ ﬁ{nt@ﬁFV(arlef%r’anetbﬁn)"arllﬁbtlﬁétyarﬁélwali rf he along

tﬁée%\tq"s'al@jat@_bnet henatar raprbbéNt s ntBEVRL ik Z 4l QR8dicated

t line that represents the point
e ML gL e Wl hepresente the POnt AL paghebiicy

theeyaauab5|z)al¢m@rvaé et rzaiahand itlze tStatai gprésaets the

éoﬂétrgpag§%%g§§$ge‘gggnt ep (reference Dzp). In other

placi ng "of the ends of the surface 51 of
L he oshiede woBBlsawaynd r dhsp hec axg soéf thet atndsn of the surface

Qﬂ?t 8¢l @4l AN GidEaASH!T LY S¥§Bﬁmt§% a%tsa'JFdr@&’aEff@rﬁ‘Sof the

nut ual transl ations al ong t aX|s in a sense and
PHtPﬁéeGFﬁ@P}Ce%%Js“ﬂw aﬁbFF‘FW dYPeRd 24 0Pyt Heeans of

sliglall translations along the Y axis in a sense and in the
other, enables to amplify the dynamics of the signal
provided by the receiver 55 without the use of electric or
electronic amplification means.

In this way, both the height zs and the roll angle ¢r can
be determined - the latter through a very simple
mathematical process - with great accuracy and
repeatability even in the case of pieces with very small
transversal extension.

The present invention makes it possible to check even other
surface features of the sliders 50 as, for example, the
pitch, by carrying out two subsequent swinging cycles at
two distinct section planes 81 and 82 (shown in figure 3).
In the example that refers to the surface 51, after the
first checking performed at section plane 81, the
optoelectronic system 53 is displaced along the

longitudinal axis by means of the translation system 3 and
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provi ded by the receiver 55 wi thout the use of
el ectric or electronic anplification neans. In this

wowrs/omath t he hei ght zs and the roll angl e f RRCERPIIO6/060655

determined - the latter through a very sinple

mat hemati cal process - with great accuracy and
repeatability even in the case of pieces with very

smal | transversal extension. The present invention

makes it possible to check even other surface feature
6FOPH§dslqtdeF§eS@eéérepors%‘i‘éh%q‘epltaﬁé‘ ﬁ%chThﬁﬁ' the PltCh

calnyi NG Qiﬂtatl%cstkbﬁeﬁﬂﬁﬂ@lﬁw ﬂglen@ihl%r%‘hc%t iMOheight of
stinct. sect own jn fi :
b g R ol des T hHdY oSPne Y atihe 8855 dpkation
bheafinedt atheédkiargd pe2 f by métheatd iseetriaen hpttansersl theéheection
Eggg%eg&rg hCgsystem 53 is displaced along the
on [ |na axl's by neans of the translation system 3
Eﬁdgvaﬂaséa atrasyd tdesi ged séet i opPpramed S2by T kg the

BpESBléékHénhé QQE%bﬁe@3bWﬂ$H“ﬂEéﬁbéﬂ“%d“€H@F§Q§§ 1Nand by
ht of the sufface 51 of the slider 50 t ken into

%HéPaer‘%‘ﬁ ohP bt 29 neddatr e anf s2s Byt ehe 3dirstiile carries
bEEMpEGcéheoSBétbﬁ@cpbaQGSrShsaBGSSZly Eguhvabest and rotate

rgsugt can be ob ain by Iocﬁlng the,0 t.0el ectro that
SR S T LB et A e Dhodet ATy et g o Fe the

Bomkingiapﬁacemeneﬂcebsys@Qﬂﬁdmmedtuhy(xnha esotpenent part
Bé?? i g PﬁeCQE§58935br?93VSEﬁéklMlEFﬁgégﬁ%Egapgg performed

rota bout the axis of rotation
EMS§PBI@PFﬁaﬂe§§ﬁ@néPsEV&E@ﬁeﬁ@s be perforned by the

¢AMRBABeRknRAr ttheadnd Jithtt Nenwd thedn S8oddels %aﬁy embodiments
dISBg cenments

e perforned the. o toelectr
8¢§ 5S. tPn”&%&a%ee ?‘ﬁ%ﬁ%%%%%t i RFENt % eco%?%ked and
ﬂheyo@mb@dlemmla:cmmaHMﬂg) spsicdmt B8 meGhgdcErm in any
8583 %10@% %% ‘hf%h1 eméﬂeCt{6€$€ Eﬁésﬂrhngtudlnal

can SW ngi
dxsplacén@naQSébbmpnthéOhgngheudrnaBlaknsnaﬁals

Ré@ﬁ%ﬁ@%'ogw§heﬂﬂ th@lE%@QéEﬁEh@E a%b%wegﬁlaEhée mechanical
sw ngi ng di spl acefents between the nechani cal Elece

BhECEhandptbel eptPehretE9BLENTEStEPpPEalVpieaedy pPastr Just
at tie t taRsvekesak1engn®oPddidtions and &hd nBwigh wHigeh the

position of the edges of the surface 51 of the slider 50 is
acquired, but they can also be implemented in a continuous
way in the course of the transversal displacement from one
position to the other.

As hereinbefore stated, in the present description of a
checking method according to the invention it has been
assumed, for the sake of providing simplicity and clarity
to the exposition, that when the slider 50 1lies in a
central position on the translation axis, the middle point
of the surface 51 in the considered section 1lies on the
longitudinal axis of rotation. Even where +this basic
condition does not physically occur, i1t is 1in any case
always possible to refer to it for implementing the
checking method according to the invention and to take into
account and to compensate for the different arrangement by

means of simple known mathematical processes, typically
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position of the edges of the surface 51 of the slider
50 is acquired, but they can also be inplenented in a

wa@oenbioyndalls way in the course of the transver SBET/EP2006/060655

di spl acenent from one position to the other. A's

her ei nbefore stated, in the prgsent description of a
checki ng net hod according to the invention it has been
assumed, for the sake of providing sinplicity and

clarity to the exposition, that when the slider 50
ipedemaniedeRr 8PEpWEFEion on the transl ation axis,

rhe mpgkHmoi ninoénthensurdlane StolBrkhe Gnstidey edmethods

tign i 1 it udi nal ' f rotati
EGEnenBPe onl'S: bo bOCORHI L POR-808s TROECpRyaTEarhy ends of
bbeumsurifiades 31 afly thases laldeay sS@ossichire ato redesvénsal end
FESEEthEphP”EH&'@Q Eﬁ&icgﬁ%kHQQ:”Bgﬂgﬁlgc%%gﬁdﬁ%ééht with
e I'nvention and to take into account and
toApeAsat BOf ofhe hechiffal emosrtidigpemdiit  IfEhedanyosfls, the

sheBLeckpownipatheratk & HPCessSeSlider 50 can be made to
npl enent ed _by software. The present

typi cal |l yi p ) )
WHgéﬁHéSntéﬁ%lé&?eraéoéﬁect&‘iendf fetHodyY ot corhFay t gmount in
whipol itthecac@hiss,t iand el at dig fie@chlie serdmtofin h€ negative
surface 51 of the slider 50 occur at transversal end
08Ptirons A and B that are not equal | y equi di st ant
Mprhovespectitt o ishe pessilleposiot i aimultagtdrers wor dsheck a

%ggrgﬁﬁeghg%t QQE%sSVE%E?; aﬁﬁ?%téyaa%ﬁé%%iﬁg gﬁ@ Qﬁges of

e to nutually trans g_t e Y axis
EBet s Tarssntdl P PbEfereRt sehiderandOnronrdiad dieng same

ANBUBEKI AnatAEJabli¥8cSERSEheMBWEAYEhg. It IS possible
i mul t Q%§¥sly check a plurality of pieces, faor

to
exarft & et (G CERE°Edgesiof PRE St Pacaids g method
dctbedeny sbi dérs e seaupl wdrdrot tors adee Epblrotkuilarlheuseful

rse of .the i NgL NQ. S rei scri_bed, .
TRe 2s2ittE S OPhe sl oa s RO B Fo Fhe oy edtiglers of
HARkenbusn cane geantiiedlyatdey wisidfined ofox helekihgnpi e¢es other

BathssERl kndl mRASH RS, AS Sldilfrs fe HpthgPUL4CRAG the thin

certainly be utilized for checking even d%her parts of
PhetrsaAd6a9T Gnexatpte PRENANHGIT4RISRE tHEN Mt least one

pliBEesn#6a0lyapyaathetrmgebani cal piece with at |east

gge apparatus and a method according to the invention
provide great advantages even in the checking of mechanical
pieces with larger dimensions. In fact, the checking of
mechanical pieces of any dimension is improved by the
widening of the dynamics of the signals to be processed,
this widening being advantageously achieved without the

utilization of electric or electronic amplification means.
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substantially plane surface. An apparatus and a net hod
according to the invention provide great advantages

we@@n/ 091343 he checki ng of nechani cal pieces w tPCT/BPTPE6/060655

di mensions. In fact, the checking of nechanical pieces
of any dinmension is inproved by the w dening of the
dynam cs of the signals to be processed, this w dening
bei ng advant ageously achi eved wi thout the utilization
of electric or electronic anplification neans. CLAIM 1
CLARMEpt oel ectroni ¢ apparatus for checking position
and/ or shape of a nechanical piece (40;50) conprising:

b 1 | pcki d_ref tem (31) for .. .
Fne” pincetplioeEosErone cRERRERCUSdofeEr | RGLaEIesBos tion
ahtiloansbppeebéctr nacbasysténp(&8y (40 ;pOdOVEdinpgising:

spgnal,s. i ndjcative of the position of at |east sone
par?glﬁﬁ%§ g@'the pi ece (40;50) to be checked, a

r8tati &@Csk)i%nﬁ(l%) refabenag ravsismn Bpl deemenhs pilece
bet wefg. sdie ptrel @rdd ¢ system (53) and the piece

(40, 50) to be checked apout a Iongitudinal axis of

r 8t ASIGEEHME dgVpFrEcestiy @M tOPE8FaaapPRYyCT Gystem  (53)
EGC?&M&W@r@@idﬁ@@gﬁﬁb?abé ﬁhaioﬁt?@becﬂiOﬂkﬁﬁ§y§iﬁﬁbn of at
53), and provi di ng_inf or ion.relating to t .

bl KTDt BT PR ShagBior Phe BRecd i 50t 05Ye to b
checkexbkerharacterized in that it further conprises a

tsanasvl%t?ﬂiltn ia§§ls@EhOQZ%\fStﬁq{Qvaglt%Lngdeﬁé)@é@Qoﬁ disglacements

translation a transver sa . respect to sali .
| ondratinfsial thRi LRIFOTIRAITPH.C aRdsERBbI (T and the piece

trangd@ismn diospbaceimitited! argusal d t1$] AldDia BXiakis of
bet ween the optoel ectronic system (53) and the piece
( 40; 52 %P e cked. 2 . The apparatus according to
cPaiam brodaysichieckinig a (280hanidagttcpi ecer( 4@eb8) vivngh said

o o I L% E 00 AL ALICPL 30 SRS (58] goa proviaing
si griat e Eidmgrebasand sobsthant pabliyiphamed/or the shape
of the piece (40;50) to be checked,
characterized in that it further comprises a transversal
translation system (9) defining a translation axis,
transversal with respect to said longitudinal axis of
rotation, and enabling translation displacements along said
translation axis between the optoelectronic system (53) and

the piece (40;50) to be checked.

2. The apparatus according to claim 1, for checking a
mechanical piece (40;50) with at least one substantially
plane surface (51), wherein the optoelectronic system (53)
provides signals relating to said substantially plane
surface (51), the transversal translation system (9) being
adapted to enable translation displacements along said
translation axis between the optoelectronic system (53) and

said substantially plane surface (51).

3. The apparatus according to claim 1 or claim 2, wherein

said locking and reference system (31) is coupled to the
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surface (51) , the transversal translation system (9)
bei ng adapted to enable translati on di spl acenents
w@bwngomai d transl ati on axi s between the opt oePEDEPIING/@60655
system (53) and said substantially plane surface (51)
3 . The apparatus accordingga claiml or claim2 ,
wherein said | ocking and reference system (31) is
coupl ed to thebase (1) , the optoel ectronic system

(53) being coupled to the rotation system (26) . 4 .
PRECaggaratidys aerbr el PGt by sSBRECBf (O %reéaaji%@upled to
chai peravhenesnstba opepel ectronic system (53) is

coupled to the transversal translation system(9) . 5

. The apparatus according to any one of the preceding
él. ai nBhewagpeina thilse aot@tdiong syst emy 26)ei gl udes areceding

t apl .13 t ni te 53
EO IR oo T st e PErSBLOFLERAI LT ot (BR)0s coupiea
appahat isaneverdphgtranelarars syaherei(R)said rotary

table (13) is coupled to the transversal translation
system (9) . The apparatus according to claim5 or

4
érain?%é,qgﬂﬂﬁ%ﬁ%ﬁ;%ﬁ?ﬁﬁﬁkﬁq (TSF”@@U%P%dOFb1ﬂHé preceding
_emhamg_,t &hbeeﬁih_?:%tth,e tﬂmg:ftﬂtcﬂﬁlse_,ﬁgtr@m! C26)y8151€<ﬂl16<5§3 I adrotary
n | an m r an a recelv ., COU e
FaBLEOLRg) AncEl bhPhetRaL BR8c T U8E8L (53l OBL B BbER1ea o

abeordiagyt bablai tll3) . wherein the optoel ectronic

system (53) is of the shadow casting type. 9 . The
apparatus according to any one of the preceding _ _
&+ ai mBhewn@PRR Fr 54 d 3¢MSIERY orFaxics d14 perpetdiceghiar said

tetsaidehongi twdh nak axip1eh €6t @htORrah8veTB81 translation
apgarat%éhaccordlng to any one of the preceding
EVarng,

erein the rotation system (26) and the
transversal translation system (9) include associ ated

i vi dey] , 2 : | at tegti :
941V B 0oL 882,30, 21180, RI°OELR G, GRLOS 10Y gpain o,
ing¢iudThe appapratus ddSor diawplay dry e obtaheg table (13),

PhECRHNE 1 Al B d NELYALRY @3honghd udh gl LrhanshAlion (s4)

system (3)that defines a longitudinal axis )
pBpéndittfiare® o (PRe crapdrst itth &%x¢], epAe of said support
lkepgi.t udi nal translation system (3)

8. The apparatus according to «c¢laim 7, wherein the

optoelectronic system (53) is of the shadow casting type.

9. The apparatus according to any one of the preceding
claims, wherein said translation axis 1s perpendicular to

said longitudinal axis of rotation.

10. The apparatus according to any one of the preceding
claims, wherein the rotation system (26) and the
transversal translation system (9) include associated
driving devices (24,27) and associated detecting devices

(29), connected to said processing unit (25).

11. The apparatus according to any one of the preceding

claims, including a longitudinal translation system (3)
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bei ng adapted to enable nutual translation
di spl acenents al ong said | ongitudi nal axis between the

w@ewem94490; 50) and the optoel ectroni c system (BGIEP202&060655

The apparatus according to claim11l, wherein the

| ongi tudi nal transl ation systemJ{3) includes

associ ated driving and detection devices connected to
said processing unit (25) . 13. The apparatus
according to any one of the preceding clains,

FREFudAREIRC? ef &r el Wt 502 %y @eyPeadiicedagy to  the
thgnbg)akwgb@msr e{(ﬁg@n%ﬁné‘;yﬁ?aﬂhéﬁ1)tbr|fanskltah;éléﬁi eS@stem (3)
e. checkKe er e ce 0C .
bR At el TR oRe s el ot gelacements
pllang sa)dfdbnghaudpmaélemUmomeingneﬁhéSﬁiece1440ﬁ50) and

Hﬁ%h8gtf>§ie!:l?§o ESPEXEQeﬁf (BE&DOS'“ on and/or shape

error anlc pi ece 0; 50), by neans of an
apparatus including a | ocking and reference system

(31) tRE t%?p@f@@@s(49:@@9d$@gbax§h%gﬁﬁﬁl datectinBdein the

devi ¢ces (5 for providing signals i_ndi cative of the

pEEPt FBALIBALat FY2asta kbR ¥t 5103 )of 1PRdUFREceapAfCiated
80} vi agbandheleked t iand dbiiddy dmnaasedetyeeni dapdocessing
|°C§i295 nd reference system (31) and said detecting

evic ?53) , the nmethod including the steps of

causi ng rotation displacenents between said | ocking

?ﬁd FenEr ey %%r%%%*seg%é@&dﬁ‘f@ 88 d fptS6L1 NG d8YL CESeceding

53) about "an axis rotation, rocessin
§ﬂghaﬁs pReYREEEIbhY §9f§r§éﬁécbﬂﬁ@kdé89ée§195Q§Y|ﬁoﬂﬁéed to

eagrﬁgcﬁﬁn§aaﬂdrQb@bk@ﬂcdl§9ge§ﬁn&31$ EBrotHer piece (40;50)

obt nf tion relatln th ti,on_and/ or the
Bhabe sheekedni B8 ra6tseiteothacknionlyinc18ding’ a' Shrrace
¢Bay actterdtzeddbyihbe step ebkfeeauseng phdneal (r) for the

é%gg%%ggégngé?eggggeVIgg3p|ece (40;50) to be checked

(53) along atransl ation
axis, transversal with respect to said axis of

ﬁ@tatAoﬂetﬁéadfékgﬁﬁéscﬁébEQnBr8¥'gﬁg BMsEB?oHGESSVbﬂgshape
devices (53) in the course of "said tion

8F§pracetents Fecdieniesdnt piece (40 50), by means of an

apparatus including a locking and reference system (31) for
the piece (40;50) to be checked, detecting devices (53) for
providing signals indicative of the position of at 1least
some parts (51) of the piece (40;50) to be checked, and
driving devices between said locking and reference system
(31) and said detecting devices (53), the method including
the steps of
® causing rotation displacements between said locking and
reference system (31) and said detecting devices (53)
about an axis of rotation, and
® processing signals provided by said detecting devices
(53) in the course of said rotation displacements in
order to obtain information relating to the position
and/or the shape of the piece (40;50) to be checked,
characterized by the step of
® causing mutual translations between the piece (40;50) to

be checked and the detecting devices (53) along a
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mut ual transversal positions (A B ) between the piece
(40, 50) to be checked and the detecting devices (53)

WO 2006/097ke et hod according to claim 14, for tPEI/EP2006/060655

checki ng of a nechani cal piece (40;50) with at | east
one substantially plane surface (51) , wherein the

detecting devices (53) provide signals indicative of
the position of said substantially plane surface (51)

in the course of said rotation displacenents and at at )
| edstaR NG RTUAX1F ansTRREAPTPBSI Milbhs IEAPBY Yot fekh axis
thexmiﬁﬁﬁ%¢@49150) to be checked and the detecting

d 6. Th d di t | 15

SRUpSRTobRls heio droTRiedt n e e i BT (53)
(A, tBe) dmetnweenof heapiecet@E4l0,0n0)dtspl-atmokedaandifferent
hlgadet eqlipg derbaes L83) are al eRAOSIieGides Whih picce

respect cent raI transversal cent

éégvﬁpbnt01be theckedhandasher dehgctdngl dewices (53) .

wherein said at |east two nutual transversal positions
bet ween the piece (40;50), to be checked and

A B
LRe dBMechPhGoReqreesaiss) tr o Rimbcn Giat anceanerbing of

hhelet:gaﬂswem@llleycece(mo?rsﬂﬁ mlsuﬁ i . 1é£st Tbﬁemnﬁhbédantlally
cor di 0_any e of ,the.c aj 17 rein
f’laest e'%r%?c% (csqgs’l nahglrﬁ al s p?ov eoteeGCtb ﬂ%adeVlces (53)
erecdengaignaﬁ&;(fﬁglqatﬂmMesoproaesm|np§r&ﬂ@n|n@f said
: ob ed by mbi, ni t -
Eﬂggt‘r%%? e 6T et Sot Al Ty Sane Sufface” said
pLhePBYi difrdiacsiantdt | 2Bdt @ko n uaﬂeﬁﬁﬁnsﬁ@ﬂ%almUtual

eeéhgveagaiApoBllleﬁgmeﬁnsshseewe@ﬁ €48; p9:cto (B8;50) to be
E F 8 8 tg getectlng geV|ces Qgg .19. The nethod
SeE6rarng™ Ry GhECHE P hE¥l 5P s to 18, for the

checki ng by neans of an apparatus wherein said

?Etec&%Qgrﬂgﬁiﬁfsab%%'%ﬂ% t8pt 3%¥tE§”'C RYSLEM said at
apte 0 provi di d Sig fcalive of the
pessti dwcofmatuaéasﬁtramrv@r]@arh spQ&gl@rIiSt H&,Bi) edeet{wkEn the

é@éc&o(ﬁﬁ QB?C%%dkm?Qmé@k%d“%HH“kﬁ@C@é@é@@1ﬂ& é@¥188§ (53)
of the clains to 19, including the additional
Fecaggqngomﬁ@%hte sides with respect to a central

transversally centered, position.

17. The method according to claim 16, wherein said at
least two mutual transversal positions (A,B) between the
piece (40;50) to be checked and the detecting devices (53)
are at equal distances from the transversally centered

position.

18. The method according to any one of the claims 15 to
17, wherein said step of processing signals provided by
said detecting devices (53) includes processings relating
to a wvirtual surface (51’) obtained by combining the
signals relating to said substantially plane surface (51)
provided at said at least two mutual transversal positions
(A,B) between the piece (40;50) to be checked and the
detecting devices (53).



transl ati on di spl acenents between said | ocking and
reference system (31) and said detecting devices (53)
w@bk@ngoa43 ongi tudi nal axis parallel to the axi BCDEP2006/060655

rotati on and stopping said displacenents at at | east

one transversal section planeqSl;S2), said signals

bei ng provided by the detecting devices (53) at said

at | east one transversal section plane (S1;S2) . 21.

The net hod according to any one of the clains 14 to

28 fbhet RetbrEclaGP T thetSpatvalong rahgéhentclarimg 14 to

neastf_o@n%ﬁél idﬂl%[]cldi_ii@ lkfyormetaafsi4%f s@%sn Sép%@ﬁ@iauﬁi if;zﬁere(ijn said
rein_the nechani cal pigce ocked and. referre

B C R TP Be i e ardbidRooaby ARITTSE AL Coriten  (53)

gapeedndoc @mrovesies adad dats dlggeslts oihedstatdiere (&0) the position

of at least some parts (51) of the piece (40;50) to be

checked.

20. The method according to any one of the claims 14 to
19, including the additional step of causing mutual
translation displacements between said locking and
reference system (31) and said detecting devices (53) along
a longitudinal axis parallel to the axis of rotation and
stopping said displacements at at 1least one transversal
section plane (S1;S2), said signals being provided by the
detecting devices (53) at said at least one transversal

section plane (S81;82).

21. The method according to any one of the claims 14 to
20, for the checking of the spatial arrangement of at least
one slider (50) for hard disk storage units, wherein the
mechanical piece (40) locked and referred by the locking
and reference system (31) has complex shape and carries

sald at least one slider (50).



